Telechelic polycyclooctenes (PCOEs) have been successfully synthesized by ringopening metathesis polymerization (ROMP)/cross metathesis (CM) of cyclooctene (COE) using Grubbs' 2 nd -generation catalyst (G2) in the presence of epoxide-functionalized chaintransfer agents (CTAs). The monofunctional epoxide oxiran-2-ylmethyl acrylate CTA (1) afforded the isomerized α-(glycidyl alkenoate),-propenyl functional (IMF) PCOEs. The use of 1,4-benzoquinone (BZQ) as additive completely inhibited the C=C isomerization process, thereby leading selectively to -(glycidyl alkenoate),-vinyl telechelic (MF) PCOE. On the other hand, difunctional epoxide CTAs, bis(oxiran-2-ylmethyl) fumarate (3), bis(oxiran-2-ylmethyl) maleate (4), bis(oxiran-2-ylmethyl) (E)-hex-3-enedioate (5), and (Z)-1,4-bis(oxiran-2-ylmethoxy)but-2-ene (6), selectively afforded the corresponding α,-di(glycidyl alkenoate) telechelic PCOEs (DF), along with minor amounts of cyclic nonfunctional (CNF) PCOE. In presence of these difunctional symmetric CTAs, the mechanism is proposed to proceed through a tandem one-pot CM/ROMP/ring-closing metathesis (RCM) approach. CM was more effective with Z-than E-configurated CTAs (4 > 6 >> 3 >> 5), regardless of the presence of a methylene group in-between the C=C double bond and the glycidyl moiety.
From epoxide to cyclodithiocarbonate telechelic polycyclooctene through chain-transfer ring-opening metathesis polymerization (ROMP): precursors to non-isocyanate polyurethanes (NIPUs)
However, isocyanates require hazardous and toxic phosgene for their manufacture, and they are considered as toxic, hence limiting their use, in particular according to REACH European regulations. Current academic and industrial research thus aims at establishing safer and "greener" alternative routes to more environmentally friendly PUs. These more sustainable approaches mainly include the use of bio-based isocyanates, the valorization of renewable vegetable oils (natural oil polyols) or CO2 feedstocks, and isocyanate-free methods. Among the latter ones, the aminolysis of a bis(cyclocarbonate) compound with a di-or polyamine to form non-isocyanate PUs (NIPUs) is nowadays the most investigated and promising strategy. 10, 11, 12, 13, 14, 15, 16, 17, 18 Although six-, seven-and eight-membered cyclocarbonates react more readily with amines than five-membered cyclocarbonates (5CCs), 19, 20, 21, 22, 23 the latter have been more extensively used as they can be easily prepared in high yields and stored over long periods of time due to their high stability. Polyaddition between 5CCs and amines, typically bifunctional monomers, leads to polyhydroxyurethanes (PHUs) featuring both primary and secondary alcohols at the -carbon atom of the urethane moiety, as depicted in Scheme 1.
417, 24, 25, 26 A c c e p t e d m a n u s c r i p t Scheme 1. Typical aminolysis of a five-membered bis(cyclocarbonate).
One first synthetic approach towards PHUs/NIPUs we have been investigating relies on the post-polymerization chemical modification of telechelic precursors such as ,-dihydroxy telechelic polycarbonate, polyesters or polyolefins, into their corresponding 5CC-functionalized polymers; this eventually enabled to reach high molar mass NIPU materials (Mn,SEC up to 68 100 g.mol 1 ). 27, 28 Another more straightforward route we have been exploring towards the desired 5CC telechelic precursors of NIPUs relies on the direct synthesis of 5CC end-capped polymers through the ring-opening metathesis polymerization (ROMP) of a cyclic olefin using 5CC-based chain transfer agents (CTAs). 29 58, 59 The resulting telechelic polyolefins next mainly served as macroinitiators towards the preparation of ABA triblock copolymers.
One drawback of the 5CCs is their high thermodynamic stability. Despite that several parameters can be tuned to improve the carbonate/amine reaction, 12, 28 major current issues to tackle are the low reactivity of 5CCs at room temperature, the required presence of a catalyst, A c c e p t e d m a n u s c r i p t and the reaching of high molar mass polymers in relation with the ability to strictly control the functionality of the reactive telechelic precursors (both carbonate and amine).
Five-membered cyclothiocarbonates are promising, more reactive alternatives to their corresponding 5CC analogues. Endo and coworkers evidenced that the polyaddition of bis(cyclothiocarbonate)s with diamines under mild conditions (30 °C) afforded PUs featuring thiourethane groups along the polymer backbone. 60 The poly(mercaptothiourethane)s resulting from the polyaddition of bifunctional five-membered cyclodithiocarbonates (DTC) with diamines are then exempt of hydroxyl groups. On the other hand, the pendant thiol functions of the dithiourethane moieties can be advantageously crosslinked by oxidation into disulfide linkages, thus affording polymers with improved mechanical properties (Scheme 2). 61, 62, 63, 64, 65, 66 Scheme 2. Typical aminolysis of a five-membered bis(cyclodithiocarbonate).
In the present work, we expand our approach to NIPUs via the ROMP/cross metathesis (CM) strategy using Grubbs' second generation catalyst and epoxide-based CTAs to prepare ,-epoxide telechelic poly(cyclooctene)s (PCOEs); these next served as precursors to the corresponding ,-DTC telechelic PCOEs. Indeed, our preliminary investigations revealed that the direct approach consisting in using DTC-based CTAs in ROMP/CM could not be implemented due to catalyst deactivation upon its reaction with the A c c e p t e d m a n u s c r i p t thiol ring (Scheme S1). 67 Whereas monofunctional epoxide-based CTAs gave linear PCOEs end-capped by epoxide and vinyl groups, the symmetric epoxide-difunctional CTAs selectively afforded the desired ,-diepoxide functionalized PCOEs, possibly with some cyclic polyolefin, through a ROMP/ring-closing metathesis (RCM)/CM approach (Schemes 3, S2S4). These diepoxide telechelic PCOEs complement the (to our knowledge) very rare such polyolefin examples previously reported from the ROMP of cyclooctadiene (COD), 39 from the acyclic diene metathesis of 1,9-decadiene with epoxide-containing monoolefins, 68 or from the chemical modification of a prepolymer. 69 Figure S9 ) was arbitrarily set to 1. The signal corresponding to the terminal methylene hydrogens of the vinyl group of a vinyl-endfunctionalized polymer (H 7 , δ 4.95, Figure S11 ) was used to determine the MF content as: MF A c c e p t e d m a n u s c r i p t Flash chromatography was performed on a REVELERIS Prep purification system (Grace) using silica gel cartridges.
MALDI-ToF mass spectra were recorded at the CESAMO (Bordeaux, France) on a Voyager mass spectrometer (Applied Biosystems) equipped with a pulsed N2 laser source A c c e p t e d m a n u s c r i p t by heating polymer samples at a rate of 10 °C.min 1 from +25 °C to +500 °C in a dynamic nitrogen atmosphere (flow rate = 50 mL.min 1 ) ( Figure S36 ).
Oxiran-2-ylmethyl acrylate (1).
To a solution of glycidol (2.00 g, 27.0 mmol) and Et3N 
Oxiran-2-ylmethyl methacrylate (2).
Compound 2 was synthesized following the same procedure as described for 1, using glycidol (2.00 g, 0.027 mol), Et3N (7.29 mL, 0.054 mol), A c c e p t e d m a n u s c r i p t
Bis(oxiran-2-ylmethyl) (E)-hex-3-enedioate (5).
A three neck flask (100 mL), equipped with a condenser and a magnetic bar, was charged with (E)-hex-3-enedioic acid (2.00 g, 14 mmol) and SOCl2 (4.02 mL, 56 mmol). The resulting suspension was heated to 75 °C and stirred over 6 h. Gasses formed during the reaction were trapped with NEt3. The resulting clear solution was cooled to room temperature and excess of SOCl2 was eliminated under vacuum.
The thus recovered (E)-hex-3-enedioyl chloride (2.53 g, 14 mmol) was used directly in the next step for the synthesis of 5, following the same procedure as described for 3 using distilled glycidol (2.60 g, 35 mmol), Et3N (7.6 mL, 56 mmol) and CH2Cl2 (130 mL). The A c c e p t e d m a n u s c r i p t
Results and Discussion
The ROMP/CM of cyclooctene (COE) catalyzed by Grubbs' second generation catalyst (G2), in the presence of several epoxide-and DTC-based CTAs, including both monofunctional (five-membered cyclodithiocarbonate acrylate (DTC-Ac), oxiran-2-ylmethyl acrylate (1), oxiran-2-ylmethyl methacrylate (2) Figure S19 ). The same polymerization, carried out in the presence of an additional CTA known to be efficient in the ROMP of COE under similar conditions, namely the corresponding five-membered cyclocarbonate acrylate (5CC-Ac), 29, 30 proceeded with full monomer consumption and gave the mono-(5CC-Ac) functional PCOE (Table S1 , entry 2).
The absence of DTC end-groups likely indicates partial deactivation of the ruthenium catalyst (most likely by C=S moieties) 67 after the fast ROMP stage, and the inability to perform the A c c e p t e d m a n u s c r i p t CM step with DTC-Ac (vide infra), 58 while it could proceed to some extent with 5CC-AC.
Given the difficulties in using a DTC-based CTA in the direct ROMP/CM of COE to prepare the corresponding bisDTC telechelic PCOE (PCOE-DTC2) and subsequently the corresponding NIPU, we then undertook the synthesis of first diepoxide end-capped PCOEs, prior to their post-polymerization dithiocarbonatation.
Epoxide functionalized PCOEs. CTAs (Scheme S2) was performed to assess any possible selectivity difference in the functionality of the formed PCOEs (Table 1 ). In our previous related works, NMR and MALDI-ToF MS analyses showed that the non-functionalized polymers (CNF, LNF and ILNF) were always formed in minor amounts (< 15%), if any, as compared to the functionalized polymers (MF, IMF, and DF). 58, 59 Therefore, only MF, IMF and DF were considered to be formed in significant amounts in the present process.
A c c e p t e d m a n u s c r i p t A c c e p t e d m a n u s c r i p t peak (ÐM = ca. 1.5; Figure S22 indicates that CM did not take place during this polymerization. Control experiments carried out using a 1:1 mixture of 1 and 2 as CTAs gave a full COE conversion and consumption of 1, whereas 2 remained unreacted (Table S2 ). The PCOEs thus formed only displayed a glycidyl -unsaturated carboxylate and a vinyl chain-ends. Since CTA 2 did not inhibit these latter polymerizations, this suggests that the observed inactivity of the G2/2 catalytic system did not arise from possible residual impurities which could deactivate G2, but rather from the intrinsic inefficiency of 2 in promoting the ROMP/CM of COE (Table 1, Table 2 . Assuming that the analogous CTA featuring a Z configuration may facilitate its interaction with G2, as a result of the better accessibility of the C=C bond, 77 the ROMP/CM of COE was then comparatively investigated using the maleate CTA 4 ( Table 2, Table 2 ). The SEC traces showed only one symmetrical peak (ÐM = ca 1.65 Figure S26 ), suggesting that DF, and CNF if any, had a similar molar mass.
A c c e p t e d m a n u s c r i p t were not observed. MALDI-ToF MS analyses were performed using a DCTB matrix and a silver salt as cationizing agent so as to assess the presence of both DF and CNF PCOEs ( Figure ) . The mass spectra showed a major population of PCOE with a repeating unit of 110 g.mol 1 end-capped with two glycidyl -unsaturated carboxylate moieties, i.e. DF PCOE, A c c e p t e d m a n u s c r i p t Given the difference in the efficiency of CTAs 34 in the ROMP/CM of PCOE resulting from the E vs Z configuration, respectively, with the less sterically encumbered double bond of the alkene CTA 4 providing more efficient chain-transfer, we next evaluated CTAs 56, structurally related to 34. 78 The effect of the distance between the double bond and the functional group within a CTA, studied for hydroxy, carboxylic, ester, ether, nitrile and halide functions, revealed no general trend in literature reports. 79, 80, 81 Experimentally, in our case, the CM efficiency based on the CTA conversion was in the order 4 > 6 >> 3 >> 5,
with CTAs with a Z configuration being more effective than those with an E configuration (similarly to 4 vs 3, vide supra), regardless of the presence of methylene group in-between the C=C double bond and the glycidyl -unsaturated carboxylate/ether moiety, as previously reported 53 ( Table 2 ). The polymerization of COE mediated by G2 in the presence of CTA 5 or 6 similarly afforded the corresponding DF and possibly CNF PCOEs end-capped by the Table S3 ). This is, to our knowledge, the first example of cyclo(di)thiocarbonate end-functionalized PCOE. The reaction proceeded without alteration of the molar mass (Mn,NMR, Table 3 ).
Scheme 4. Chemical modification of diepoxide telechelic PCOE (PCOE-GA2) into bis(cyclodithiocarbonate) telechelic PCOE (PCOE-DTC2).
A c c e p t e d m a n u s c r i p t Finally, DSC analyses of PCOE-DTC2 samples revealed a thermal behavior similar to that of PCOE-GA2 precursors, with a melting and a crystallization temperatures at Tm = 56 °C and Tc = 45 °C, respectively (Table 3) (Table S3, 
entry 5).
A c c e p t e d m a n u s c r i p t The ring-opening of PCOE DTC chain-ends was quantitative at room temperature over 24 h, as evidenced by the decreasing intensity of the C=S(DTC) concomitant with the increasing intensity of C-N(NIPU). 83 The formed NIPU materials were unexpectedly recovered as insoluble Table 3 ). FTIR analyses showed the absence of the C=S(DTC) (1193 cm 1 ), along with the apparition of the distinctive   (3385 cm 1 ) and C  (1539 cm 1 ) (Figure 6 ). 19, 20, 21 These results thus support the complete conversion of PCOEs-DTC2 into the corresponding NIPUs. DSC analyses showed the semi-crystallinity of the poly(mercaptothiourethane)s NIPUs, alike PCOE-DTC2 and PCOE-GA2 (Table 3 , Figure   S35 ). The NIPU materials did not display a Tg while both their Tm = ca. 51 °C and Tc = ca.
32 °C were significantly lower than those of PCOE-GA2 and PCOE-DTC2 (Tm > 56 °C, Tc = 3046 °C). TGA analyses revealed that PCOE-NIPU remained stable up to ca. 400 °C while the onset of the degradation temperature of PCOE-DTC2 was observed at ca. 310 °C. A lower degradation temperature of the PCOE-DTC2 (Td 50 = temperature at which 50% of mass loss occurs = 437 °C) precursor was observed as compared to that of the resulting NIPU which displayed a slightly better temperature stability (Td 50 = 451 °C) ( Figure S36 ). Both copolymers were fully degraded (9698%) at ca. 480487 °C. Polythiourethanes reported in A c c e p t e d m a n u s c r i p t capped NIPU pre-polymers. CS2 has also otherwise been used as a resource towards functional polymers. 86 Finally, aminolysis of the PCOE-DTC2 with JEFFAMINE EDR-148 quantitatively afforded the desired poly(mercaptothiourethane)s as NIPUs. To our knowledge, NIPUs were thus prepared in high yield, for the first time from the room temperature reaction of a dithiocarbonate ,-end-capped prepolymer with a diamine and without any added catalyst.
Being able to prepare NIPUs from a room temperature reaction is a significant achievement in comparison to the prior approach through the opening of the five-membered carbonates which required heating at typically 5080 °C. 8, 12, 27, 28 Also noteworthy, the aminolysis was, in the present work, carried out without any catalyst, another major improvement. Indeed, to our A c c e p t e d m a n u s c r i p t 
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